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I. Introduction 

Studies aimed at preparing polyimides which have high thermal stability 
and which ate processable have continued. Tne main effort this report 
period has been in the direction of preparing amine monomers which would 
lead to polyimides «lther having enhanced solubility or a low glass transition 
temperature or both, and which would have extra functional groups present 
and available for post-cure cross-linking. The work is discussed below 
in three categories. 

II. Discussion 

A. Imlde Monomers for Addition-Type Polyimides 

We reported (1) earlier that compounds of the type, 



where the amino group is either O^ltho, meXa., or pana to the methylene 
group, were being synthesized. At that time the syntheses of 2,4,6- 

(m-nltrobenzyl)-l , 3,5-trlmethyl benzene and 2,4,6—tAX4(p-nltrobenzyl)- 
1, 3, 5-trimethylbenzene were described. Continued efforts are described 
in the following paragraphs. 

1. 2,4,6-TA/CA (m-nltrobenzyl)-l,3,5-trlmethylbenzene. This compound 

has been analyzed by Galbraith Mlcroanalytical Laboratories and the 
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analysis Is reported here. Theory: C, 68.56; H, 5.18. Found: 

C, 68.22; H, 5.21. 

2. 2 , A (m-arainobenzyl)-l , 3. 5-trlmethylbenzene. The 

compound from part 1 above has been reduced to the corresponding 
trlamine via catalytic hydrogenation In ethyl acetate using 10% 
palladium on charcoal. The amine product melts at 181 - 183 °C. 
Carbon/hydrogen analyses of the triamine have not been obtained as 
yet. Bell (2) has prepared this compound and reports a melting 
point of 188 - 190 °C. for the trlamine. He also has prepared an 

imide derivative by reacting the trlamine v^lth 5-norbomene-2, 3-dicarbox- 
ylic anhydride, as shown In Figure 1. This derivative melts between 
167 - 170 C. and is soluble in benzene. When heated above Its 
neltlng point, the compound apparently polymerizes via the carbon- 
carbon double bond In the norborr* »ne rings. Further work with this 
ni eta trlamine and its imide derive’ ' _>^e8 will be pursued by Bell and 
our efforts will be focused on the ortho and para analogs in this 
project. 

3. 2,4,6-T/1/C4 (p-nltrobenzyl)-l,3,5-trimethyroenzene. This 
compound has been analyzed by Galbraith and the analysis is reported 
here; Theory: C, 68.56; H, 5.18. Found; C, 67.8; H, 5. 34. The 
synthesis of this compound is being explored further to obtain a more 
economical synthetic method and/or to Improve on the yield. One 
approach uses p-nitrcbenzyl alcohol in concentrated sulfuric acid with 
mesitylene. Reaction conditions which lead to high yields of the 
desired product are being optimized. The second route to the product, 
via the Frledel-Craf ts reaction, hau been repeated uf ing nitrobenzene 
in place of carbon disulfide as the solvent. Results at this time are 
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rigure 1. IniiJe .‘lonor ■’!? fm' A.Id it k T. pe I'olyln ides. 






— The nitrr group in the benzyl alcohol or benzyl chloride can be either 
ortho , meta , or g^r^-. 

— The trimethyl benzene can be either the 1,3,5-, the 1,2,3-, or the 1,2,4- 
isomer. 
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inconclusive, although it does appear that a greater yt«id is being 
obtained. 

4. 2 , 4 , (p-aminobenzyl)-l , 3 , 5-triniethylbenzene. The title 

compound has been prepared via the catalytic hydrogenation of 2,4,6—t'wi- 

(p-nitrobenzyl)-l , 3 , 5-trimethylbenzene in ethyl acetate over 10% Pd/C. 

o 

The product obtained melted between 238 - 242 C. The nmr spectrum 
was obtained with the triamlne dissolved in CDCl^ and is shown as 
Figure 2. The singlet at 6 2.2 integrates correctly for 9 protons in 
the three methyl groups on the mesitylene ring. The broad absorption 
band between 6 2.2 and 6 3.0 integrates for 6 protons in the three 
amino groups; further, this band disappears when D 2 O is added to the 
sample. The singlet at 6 4.0 Integrates correctly for the 6 protons 
of “he three methylene groups connecting the aromatic rings. The 
multiplet between 6 6.4 and 6 7.3 integrates correctly for the 12 
aromatic protons in the three benzyl rings. Elemental analysis has 
not been obtained on this material as yet. The preparation and further 
characterization of this material is in progress. 

5. 2,4,6-T.'u64(o-nltrobenzyl)-l,3,5-trlmethylbenzene. Attempts to 
prepare this compound, using 0-nitrobenzyl alcohol and mesitylene in 
concentrated sulfuric acid, have yielded high-melting deep red crystalline 
material thought to be a sulfate salt, perhaps of the benzyl alcohol. 

The Friedel-Craf ts reacf'on of 0-nltrobenzyl chloride with mesitylene, 
in CS 2 using aluminum chloride, has produced materl*:! difficult to 
crystallize and relatively low melting. It is suspected that Incomplete 
substitution on the mesitylene ring occurred. Carbon disulfide appeared 
to be a very poor solvent for the reaction, since two phases appeared 
quite early. A repeat synthesis is planned, where nitrobenzene will be 




Figure 2. IIMR spectrum of 2 ,U ,6-T^toi (p-aminobenz.yl )-l ,3 ,5-trimethyl benzene . 
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used as Che solvent. 

B. Aromatic Diamines with Three Benzene Rings 

Amines of the type shown In Figure 3 are Interesting candidates 
for polylralde preparation, ts well as potentially Interesting cross- 
linking agents for polyepoxides and polyurethanes. A goal of this 
project Is to synthesize and evaluate a variety of these npounds. 
Little effort has been expended In this direction during the current 
reporting period. We reported (1) earlier on the preparation and 
characterlzaf ’ '^n of 1 , 4-b^ (m-nltrobenzyl) -2 ,3,5, 6-tetramethylbenzene . 
The chemical 1s of this compound has been obtained and Is 

reported here. ..leory: C, 71.27; H, 5.98. Found: C, 71.18; H, 

6.19. 

As our studies contlnae, we plan to prepare the diamine of this 
compound and to evaluate It as a monomer for polylmlde preparation. 

We also plan to furnish Langley Research Center personnel a sufficient 
amount of the material to allow for evaluation as a cross-linking 
agent. Other diamines described In Figure 3 will also be prepared 
and evaluated. 

C. Diamine Monomers with Crosa-Llnklng Potential 

The preparation of a polylmlde monomer like m,m’-dlamlnobenzo- 
phenone, which would contain a third amino group In the position Ofitho 
to the carbcnyl group connecting the two aromatic rings. Is desirable. 
This third amino group would be available for post-cure cross-linking 
to elevate the glass-transltlon-temperature of the processed polylmlde 
product. A possible reaction scheme Is outlined, Figure 4, The 
syntheses and characterization of 2-acetamldobenzophenone, 2-acetamldo- 
5,3' -dlnltrobenzophenone , and 2-acetamldo-5 , 3 ' -dlamlnobenzophenone 
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— The nitro group In the benzyl nlt.ohol or benzyl chloride can be either 
or tho , meta, or para-. 

— The tetramethyl benzene can be either the 1,2, 4, 5-, the 1,2, 3, 5- or the 
1 , 2 ,3,4-isomer. 


Figure 3 . 


Aromatic amines with Three Benzene Rings. 
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3. H2 and Catalyst 

4. and Water 



Figure 4. Synthetic scheme for preparing 2,5, 3'-Triaminobenzophenone. 
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appear to have been accomplished and are described In the following 
paragraphs. Conversion of the 2-acetaraldo-5, 3*-diaralnobenEophenone 
to 2 , 5 , 3' -trlamlnobenzophenone Is presenting some difficulty, and 
It appears that the trlamlr^ Is very sensitive to oxygen and must 
be handled In an Inert atimapherc. 

In the process of working out the reaction conditions for preparing 
the 2, 5, 3 '-trlamlnobenzophenone, several other Interesting potential 
monomers may have been prepared. Our results are Incomplete at this 
time, St a claim that these compounds have been prepared Is not made. 
However, ^he evidence at hand suggests that these compounds may very 
well have been prepared: 2,3,3'-trlnltrobenzophenone; 2,2*,5,5'- 

tetranltrobenzophenone; 2,5,4'-trlnltrobenzophenone; and 2, 4,2', 4'- 
tetranitrobenzophenone. A further Investigation of these products 
is underway. 


III. Experimental 

A. 2-Acetamidobenzopher>ne. 2-Amlnobenzophenone, I, (25 g, 0.13 mole). 


and 50 ml of freshly distilled acetic anhydride were placed in a 500 ml 



round bottom flask and refluxed for 2 ^ hours. After refiax, the reaction 
mixture was cooled and poured on 1 kg of crushed ice, and an oil formed. 
Using a separatory funnel, the oil was removed and washed with 500 ml 
of distilled water. Crude oil (28 g) was crystallized by dissolving It 
In hot ethanol (50 ml) and adding to the solution distilled water until 
lingering cloudiness persisted. The solution was then placed In an ice 
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bach. Crystals of II were obtained which weli^hed 22 g (72%), ...p. 

82 - 83°C; Ir 3500 - 3300, 1710, 1650 cm"’; ranr 6 2.2 (S; 3H) , 7.5 
(M, 9H), and 9.5 (S, IH) . 

B. 2-Acetamldo-5,3'-dlnltrobenrophenone. A freshly prepared nitrating 
mixture, 10 ml (5 ml of 70% HNO^ and 5 ml of cone, H_S0 ), was placed 
In a 50 ml erlenmeyer flask and cooled In i:. Ice bath with stirring. 

To this nitrating mixture was added solid 2-acetamldobenzophenone, II, 

2 g. (0.008 mole), in portions so that the temperature remained between 


HNAc 



HNO (70%) 
H-SO. (cone. ) 

^ ^ c 1 


O, 



5-10 C. The addition of II was complete In 20 minutes. The reaction 
was followed by TLC (silica gel plates) using 20% ethyl acetate — benzene 
as solvents. After four hours, when the starting material Viad dis- 
appeared from the reaction mixture as determined by TLC, the contents 
were poured onto one kg. of crushed Ice. The precipitate wl.lch formed 
was collected, washed with sodium carbonate solution and with distilled 

water. The crude product, 2.6 g, was recrysCalllzed from methanol- 

o 


acetone to afford 1.2 g (47% yield), m.p. 173 - 175 C; Ir 3500 - 3300, 
1720, and 1700 cm"’; nmr 6 2.2 (S, 3H) , 9.2 (D, IH) , 7.9 - 9.0 (M, 8H, 
including the NH proton). Anal. Calc, for C, 54.71; H, 

3.34; N, 12.76. Found: C, 54.41; H, 3.19; N, 12.49. 

The synthesis of this compound has been successfully repeated on 
a 30 g scale. 

C. 2-Amlno-5,3*-dinitrobenzophenone hydrochloride. 2-Acetamldo-5,3'- 
dlnltrobenzophenone. III, 1.1 g (0.0033 mole) and 30 ml of hydrochloric 
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acid (8 N) were placed In a flask and headed on a steam bath, and 
the disappearance of III was monitored by TLC. After eight hours, 
NHAc NOo 




when the starting material had disappeared, the mixture was poured into 
an Ice bath and the crude precipitate (1.2 g) was collected and 
recrystallized from a methanol-acetone solution to give 1.1 g (97%) 
of product, m.p. 231 - 234 °C; ir 3400 - 3300, 1650 cm Anal. Calc, 
for Cj^ 3 Hj^q 05 N 3 C 1 : C, 48.6; H, 3.09; N, 13.09. Found: C, 50.06; 

H, 2.87; N, 13.26. 

D. 2-Acetamldo-5.3'-dlamlnoben2ophenone. 2-Acetamido-5,3'-dinltro- 
benzophenone. 111, 500 mg (0.0016 mole), was dissolved in 200 ml of 
ethyl acetate and placed in a hydrogenation bottle with 0.10 g 10% 

Pd/C. Hydrogenation was carried out in the Parr low-pressure apparatus 
and the reaction was continued until the pressure no longer dropped. 



The reaction mixture was filtered to remove the catalyst and the solvent 
was evaporated on a rotary evaporator. The crude product was recrystal] - 
ladd from ethyl acetate-petroleum ether to form 300 mg (69% yield) of 
crystals which melted between 122 - 123 °C; Ir 3500 - 3000, 1710 and 
1620 cm mur 6 2.1 (M, 5H) , 3.0 - 4.2 (S, broad, 2H) , and 7.0 - 


8.0 (M). 
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Figure 5. 2r-»P spectr’xn of .’-Acetanidcbenzcphenone 
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icrure 7. spectrum, of 2-Acetar;ido-5 ,3'-dinitrobenzcphenone 
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Figure 6. IR spectr’o.-. of 2-Aoet.i--!ido-5 , 3 ' -dinitrobeniophenone 
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'igure 11. ir-IH spectru.T. of 2-Acetarr.ido-5,3'-dia."nincbei:zc?her.one vith D_0 added 
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